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ABSTRACT – This study aims at formulating new 

ceramic based friction materials and investigate its 

physical properties as well as performance under internal 

shear test. The amount of ceramic fibres in the friction 

materials were 3%, 6%, and 9 % for C1, C2 and C3 

respectively. The results showed that as the amount of the 

ceramic fibre increases, the internal shear strength 

decreases, with C3 depicted the lowest internal shear 

strength, 27.6 MPa. C1, with only 3 % ceramic fibre 

depicted 34.6 MPa. However, the coefficient of friction 

(COF) of C1 is the lowest at high temperatures. In 

conclusion, C2 has the best formulations with 6% volume 

percentage of ceramic fibres as it has high internal shear 

strength, high COF at high temperatures and considerable  

wear. 

 

1. INTRODUCTION 

There are generally two types of brake system used 

in current vehicles; (a) disc brake system and (a) drum 

brake system [1,2]. When the brake pedal is pressed, 

brake fluid is pushed against the pistons of the brake 

caliper, which will then forces the brake pads to clamp 

the brake rotor. This clamping action of the brake pads 

converts its kinetic energy to thermal energy through 

friction, thus decelerates the vehicles [2].  

A lot of study have been done on the composition 

of the brake friction materials and its tribological 

properties. Brake pads used in industries need to have a 

certain criteria to be able to be manufactured and used in 

vehicles, such as (a) coefficient of friction of 0.3 or more, 

(b) maintain a sufficiently high friction coefficient 

subjected to various operating conditions, such as applied 

loads, temperatures, speeds as well as mode of braking 

and (c) it possess low wear rate, high thermal stability 

and does not damage the brake disc [1,2]. There are 

typically four sub-components in brake pads in which 

each component plays an important role (a) frictional 

additives that determine the frictional properties of brake 

(b) fillers that improvise the manufacturability of brake 

pads (c) binder that binds and holds all components 

together and (d) reinforcing fibres that provides 

mechanical strength [1,3].  

In early 1990s, C-fibre reinforced SiC are being 

used for brake applications [4]. Now, two decades later, 

companies such as Porsche AG, Daimler AG, and Audi 

AG have been using ceramic brake disc to their sedan 

cars [4]. Ceramic brake disc have lower weight with no 

health and environmental problems estimated, compared 

to brake pads that contains heavy metals [4]. 

  Thus, the objective of this study is to formulate a 

new ceramic based friction material for brake and 

investigate its performance subjected to internal shear 

test to determine the best formulation.  

 

2. METHODOLOGY 

Three brake friction material formulations have 

been prepared through powder metallurgy route. Powder 

metallurgy route was chosen as it is easier to obtain 

uniform parts and less expensive compared to the 

machining process. The processes include (i) selection of 

raw materials, (ii) mixing (iii) pre-form compacting (iv) 

warm compcting and (v) post-baking. The ceramic fibres 

volume percentage (vol. %) in the samples are shown in 

Table 1.   

Table 1 shows the formulation of three different 

ceramic brake pads marked as C1, C2 and C3. It 

comprises of resin, ceramic fibre, reinforcing 

fibre,frictional additive and filler. The volume of ceramic 

fibres is increased by 3 % increment.  

 

Table 1 The formulation of C1, C2 and C3. 

Ingredients 

C1 C2 C3 

(Vol

.%) 

(Vol

.%) 

(Vol

.%) 

Phenolic resin  10.3 10 9.7 

Ceramic fibre 3.0 6 9.0 

Reinforcing fibre  23.7 23 22.3 

Frictional additives  33.0 32 31.0 

Filler  29.9 29 28.1 

Total 100 100 100 

 

 The samples were subjected to porosity and 

Rockwell hardness tests in R scale in accordance with 

Japanese Industrial Standard JIS D 4418 1996 and 

Malaysia Standard MS 474: Part 2, respectively.  

The test samples were cut from baking plate using 

hacksaw. Then the sample was cut using a fine cutter with 

the dimension of 20mm x 20mm x 5mm each. These 

samples are then subjected to the friction and wear test in 

compliance with Society of Automotive Engineer SAE 

J661 test procedures, in which the sample was pressed 

against a rotating drum. The samples thickness before 

and after testing were measured. 

Each sample then underwent internal shear test in 

accordance to Malaysian Standard MS ISO 6311:2003 

PART 5; Internal Shear Strength of Lining Material – Test 

Procedure using Instron machine at SIRIM BERHAD, 

AMREC.  

 



Azmi et al., 2018 

507 

 

3. RESULTS AND DISCUSSION

The porosity, hardness test and the internal shear 

test results of each friction material were tabulated in 

Table 2. From the table, it could be observed that the 

porosity of the ceramic based friction material increases 

as the amount of ceramic fibre increases while its internal 

shear strength decreases. Porosity in brake friction 

material functions as energy and heat absorber, which is 

an important feature for the effectiveness of the system. 

According to Maleque et. al [3], theoretically lower 

porosity will result in higher friction coefficient and wear 

rate. This is due to the higher contact areas between the 

mating surfaces [3]. However, C1, that has the lowest % 

porosity have the lowest coefficient of friction (as in 

Figure 1). Table 2 also shows that C3, which has 9% 

volume % of ceramic fibres has the highest hardness, 

which indicates its brittleness properties. 

 

Table 2 The porosity, hardness and internal shear test 

results. 

 Porosity 

(%) 

Hardness 

(HRR) 

Internal 

shear 

(MPa) 

Thickness 

loss 

(mm) 

C1 14.07 68.41 34.59 1.7 

C2 15.03 73.30 31.97 2.1 

C3 15.48 74.72   27.58 3.3 

 

Figure 1 below shows the friction coefficient for all 

three friction brake materials when the surface 

temperature increases. The friction coefficient increases 

from 93.3- 132.2oC/200 - 270°F.  Above 132.2 oC,/ 270°F 

the friction coefficient decreases significantly for all 

three materials. 

 

 
Figure 1 The coefficient of friction of C1, C2 and C3 

with increasing surface temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSION

The internal shear strength of C1 is the highest 

(which was 34.59 MPa)., while its porosity is the lowest 

compared to the other two. This indicates that the 

porosity of the friction brake material correlate to the 

internal shear strength. In C2 and C3, where the Vol % of 

ceramic fibres was 6% and 9%, its porosity was 15.03 

and 15.48 and the internal shear strength were 31.97 MPa 

and 27.58 MPa, respectively.  

Another significant observation is the increasing 

thickness loss with the increase of Vol % of ceramic 

fibres. Overall, sample C2 which composed of 6% 

volume percentage of ceramic fibres is the best 

formulation based on its high internal shear strength 

properties and high friction coefficient even at high 

temperaatures, with considerable wear.  
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